1
with N . being the concentration of the i-th centre,@j its capture crosssectioX1for minority carriers and v the thermal velocity of minority carriers. Fig. 1 shows lifetime andt&iffusion length of electrons in p-type silicon as a function of NT with G as parameter.
In as-grown silicon typical DL values are in the range of 1 0 0 ) u n or larger /2/. During processing, however, the DL may decrease down to a f e w p as a result of contamination by impurities and formation of crystal defects (see Fig. 2 ). 
withdh(dp) as capture cross-section for electrons (holes), ET as the energy level of the recombination/generation centre, Ei as the intrinsic level and k as the Boltzmann constant. Due to the dependence on (ET-Ei),TG andGmay differ very largely withy~>>t!~. Nevertheless, the differences between recombination and generation lifetime are often overlooked, leading to misinterpretations then. Both,'tk a n d y~, are important parameters and have regard to device performance. As to-or L, they influence, e.g.,junction leakage and refresh behaviour of memory devices (especially at elevated operation temperatures), current gain of bipolar transistors, switching behaviour, latch-up of CMOS devices, radiation hardness and efficiency of solar cells. Therefore, knowledge of L resp.VK in small regions is of increasing interest.
There is a lot of methods for the investigation of recombination /I/, among them the well established methods of photoconductivity (PC), photoelectro-magnetic effect (PEhT) , and surf ace photovoltage (SPV) . f.Tost of them are, however, methods averaging over a large volume, i.e. they have poor spatial resolution, and do not allow to observe inhomogeneities of recombination on a microscopic scale. High spatial resolution can be obtained only when focused beams are used for charge-carrier generation, as in the case of the EBIC method /4,5/.
The present paper reviews the different EBIC techniques used for DL determination and discusses connections of DL to materials microstructure and to possible impacts on electronic device behaviour. EBIC decay at junctions being perpendicular t o the.scanned surface (method I ) , EBIC decay near shallow junctions or Schottky b a r r i e r s respectivel y , being p a r a l l e l t o t h e scanned surface (method 2), EBIC decay a t extended c r y s t a l defects, i n p a r t i c u l a r g r a i n boundaries (method 3) a s well a s measurements of t h e EBIC s i g n a l a t d i r e c t l y i r r a d i a t e d junctions i n dependence on the beam energy (method 4). There is a large number of papers dealing with t h i s topic, so the references t o t h e d i f f e r e n t methods given below a r e f a r from being complete.
.I -PHENOMEEO MGY
Method ( I ) , see /6-8/, can be regarded a s llclassicalll method of DL determination. When t h e electron beam i s scanned across the sample the EBIC sign a l decreases with distance t o the junction, x, thereby x = 0 being t h e position of t h e depletion-layer edge. Fig. 4 shows an example of DL measurements using t h i s method. 
REVUE DE PHYSIQUE APPLIQUEE
The p r o f i l e I (x) depends on L, but i s a l s o affected by surface recomb i n a t i o n s ang3%am energy E , respectively electron range R. For suffic i e n t l y l a r g e distances and R<<L t h e r e holds approximately:
and I E B I C (~)
IEbIC (x) cc exp (-x/ L) ( x/L)-% f 0% S-t 00 /5/* hlethod (2) i s based on the analysis o f s i m i l a r decay curves, but obtained f o r surface-parallel c o l l e c t i n g contacts. I n contrast t o method (1 ) ,
with n = 3/2 f o r s +Oo and n = 1/2 f o r s g 0 is approximately true/9,16/.
1,Tethod ( 3 ) , see /lo/, uses a shallow c o l l e c t i n g contact a t t h e sample surface. The DL i s determined from the p r o f i l e of t h e EBIC s i g n a l I
(x)
near a recombination-active g r a i n boundary lying perpendicular tEB%e surface. I n principl e information about DL can be obtained from IEBIC(x) a l s o i n the case of other defect geometries, Jethod (4) /11,12/ uses a l s o surface-parallel c o l l e c t i n g contacts and is
based on measurements of t h e c o l l e c t i o n efficiencyqvsbeam energy Eo. The e f f i c i e n c y is obtained from
The e x p e r i m e n t a l~( ( l 3~) curve depends on L, but a l s o on the other parameters characterizing t h e sample (e. g. dead layer thickness, depletion l a y e r width), Important c h a r a c t e r i s t i c s of t h e 4 d i f f e r e n t methods a r e compared i f i Table 1 . The DL so determined is a n e f f e c t i v e DL L, w i t h L < L i n g e n e r a l /I 3/. 
. If m is determined f o r 2 d i f f e r e n t beam energies L and S can be obtained.
Another method of a n a l y s i s i s given i n /15/. The o s i t i o n s xl and x2
1 r n C ( x 2 ) / I~I c ( O P = 10.~2) a r e determined from ImIC(x) and then used t o o b t a i n L from a modelled diagram.
O f course t h e l a t t e r a n a l y s i s methods don't allow t o d e t e c t inhomogeneities of L (demonstrated i n Fig. 4 ) and y i e l d , t h e r e f o r e , mean DL values.
If S 4 o o i s t r u e f o r t h e f r e e s u r f a c e t h e D 's d i r e c t l y found from t h e s l o p e of t h e l i n e a r p a r t of i n [IEBIC(x) . ~3 1 3~
/ 9 / . The DL can a l s o be obtained from t h e moments of two I~B I C ( X ) p r o f i l e s measured a t d i f f e r e n t ED. This method is not l i m i t e d t o S 9 0 0 , but w~r l r s f o r a r b i t r a r y S. For d e t a i l s t h e r e a d e r i s r e f e r r e d t o /16/.
The following two parameters c a l c u l a t e d from t h e ImIC(x) p r o f i l e s : T h e o r e t i c a l q ( E o ) curves a r e f i t t e d t o a s e t of experimental q ( E o ) d a t a ( s e e Fig. 6 ) /17/. For a Schottky diode, f i t parameters a r e L, metal l a y e r t h i c k n e s s m, and d e p l e t i o n l a y e r width a. The method can be used f o r p-n junctions, too. Then, of course, t h e number of f i t p a r a n t e r s increases.
If m and, i n p a r t i c u l a r , w a r e approximately known t h e DL can be estimated from only one value of q, measured at s u f f i c i e n t l y l a r g e Eo. Calculated v-vs-L curves as shown i n Fig. 7 a r e used f o r t h i s purpose /18/. Thereby, an P measurement near 20 keV is recommended f o r checking t h e q u a l i t y of t h e prepared Schottky contacts.
Pig. 7 -DL determination using method (4): 12 vs L c a l c u l a t e d f o r a Schottky diode w i t h m = 0.7 p and w = 0.4pm (Eo = 40 keV). PEN measurements without s u r f a c e removal, EBIC measurement before (e) and a f t e r (0) s u r f a c e removal.
A f u r t h e r s i m p l i f i e d a n a l y s i s method r e f e r s t o t h e decrease of^ i n t h e high-energy p a r t of t h e q(EO) curves. I n t h e high-energy r e g i o n t h e semilogarithmic 9-vs-R curves f o r a given value of L, but d i f f e r e n t W, a r e i d e n t i c a l i n shape but shifted v e r t i c a l l y over a d i s t a n c e (w/L)/l9/.
It can be seen i n Figs.5 and 7 t h a t L v a r i a t i o n s cause s m a l l e r and smaller changes o f q w i t h i n c r e a s i n g DL. Therefore, f o r s i l i c o n t h e upper DL l i m i t of t h i s method is about 50pm at u s u a l beam energies near Eo = 40 keV / 2 0 / .
3 -COl!PARISON OF DIBWSIOB LENGTHS OBTAINED BY DIFFEREW' I! TIIETHODS
For some a p p l i c a t i o n s , s e e e.g. chapter 3 , a b s o l u t e DL values a r e required.
However, a b s o l u t e measurements of DL resp. l i f e t i m e a r e not seldom problematic. So, comparative measurements of ZR i n d i f f e r e n t l a b o r a t o r i e s were r e p o r t e d t o y i e l d l i f e t i m e s d i f f e r i n g .by up t o a f a c t c s 100 / 2 2 / ! To check t h e accuracy and r e l i a b i l i t y of t h e JIL d a t a measured t h e d i f f e r e n t E B I C methods (1 ) t o (4) a s w e l l as method (4) and PEbT a r e compared here. Table 2 presents r e s u l t s of comparative DL measurements carried out using t h e E B I C methods (1) t o (4). Good correspondence between t h e d i f f e r e n t methods is found showing t h a t E B I C measurements y i e l d r e l i a b l e data.
A) Com~arison of d i f f e r e n t EBIC techniques
Further comparative s t u d i e s using methods (2) and (3) 3?he samples s t u led had a % l p r o f i l e with lower DL values i n t h e bulk than a t t h e surface. The ET3IC measurements were c a r r i e d out by metliod (4) f i r s t a t t h e surface (e) and then, a f t e r surface removal i n the sample bulk (0).
The PEM measurements were done before t h e EBIC i n v e s t i g a t i o n s when t h e surface l a y e r w a s not yet removed.
The EBIC d a t a determined a t the surface f a l l a l l near t h e l i n e = 1 whereas f o r t h e EBIC d a t a i n the volume ~zTI/$gIc > , I . i s ;%%$%?~l?his i n d i c a t e s t h a t t h e PEN measurements p r o w ed m ormatlon not about t h e whole sample, but mainly about t h e surface-near p a r t , s i m i l a r t o EBIC a t the surface. The s c a t t e r of t h e surface d a t a ( e ) around the l i n e L~~~~/ L~~~~ = 1 might be due t o micro-inhomogeneities and/or measuring e r r o r s , So, i n contrast t o a previous study /24/ a good correspondence between DL determined by El3IC and PEN i s found.
Summarizing i t can be s t a t e d t h a t the presented r e s u l t s demonstrate the r e l i a b i l i t y and accuracy of t h e E B I C DL data.
The main disadvantage of method (4) -very high time consumption -can be overcome i n t h e following way: Instead of changing the primary-beam energy, t h e "energy variationt1 necessary f o r DL determination is realized by insert i n g a wedge-shaped absorber (e.g. s i l i c o n ) between primary beam and sample t o be measured (Pig. 9). The e f f e c t i v e energy of t h e beam reaching the sample, and thus the depth of penetration i n t o ?he sample decreases with increasing wedge thickness, Accordingly, t h e ImIC;vs-wedge-position curve contains information about t h e sample properties, rn p a r t i c u l a r about DL. Results of corresponding rough model c a l c u l a t i o n s f o r a Schottky j u n c t i o n a r e given i n Pig. 10. The s i l i c o n wedge w i t h i t s position-dependend thickness t was assumed t o a c t simply as a dead l a y e r on t h e sample. F u r t h e r , t h e Everhart-Hoff depth-dose f u n c t i o n / 2 8 / was used. For l a r g e and medium DL,T decreases monotonously with i n c r e a s i n g wedge thickness whereas it may reach a maximum before decreasing t o zero f o r very s m a l l DL. The s l o p e of the72 curves near t = 0 i s seen t o have a pronounced dependence on L.
Experimental r e s u l t s f o r samples of d i f f e r e n t DL values a r e i n q u a l i t a t i v e agreement w i t h t h e c u r v e s of 
llOand demonstrate t h a t t h e method
can w e l l be used f o r DL determinat'ion. However, t h e first measurements a l s o show t h a t t h e i n t e r a c t i o n of t h e p r imary beam w i t h wedge and sample i s not completely understood. F u r t h e r experimental and t h e o r e t i c a l studLes a r e necessary t o s o l v e t h i s problem, 2.2 -STATIONARY W3ASURF:LE~S POR T;IATERIAL CONTAII' ECI' TG A DEPTH PROPILE I n t r i n s i c g e t t e r i n g processes, nowadays widely used i n t h e S i technology /26/, l e a d t o t h e formation of d i s t i n c t DL p r o f i l e s i n t h e wafers. These p r o f i l e s can be evalusted from q ( z ) p r o f i l e s measured on bevelled samples f o r s u f f i c i e n t l y l a r g e beam energy, t y p i c a l l y E N 40 keV. Pig. 11 shows t h e corresponding measuring geometry w i t h t h e Schottky cont a c t on t h e bevel and Fig. 1 2 p r e s e n t s obtained r e s u l t s .
The q ( z ) p r o f i l e measured can be converted i n t o a DL p r o f i l e using an q ( L ) curve as given i n Pig. 7 , Because of t h e e x i s t i n g depth p r o f i l e t h e obtained DL va ues a r e not t h e t r u e DL1s a t t h e r e s p e c t i v e depth, b t some $i e f f e c t i v e DL L ( z ) < L(z). The . e f f e c t i v e DL a t t h e sample s u r f a c e $-has n e v e r t h e l e s s d i r e c t p r a c t i c a l meaning as i t is r e l a t e d t o t h e diffusion component of t h e leakage c u r r e n t o f junctions (see /18/and chapter 4).
The n t r u e l l DL p r o f i l e L(z) can be found using / 2 7 / (compare Pig. 12). a is t h e depth of t h e point generation source assumed t o derive t h i s . formula and i s taken t o coincide with t h e centre of gravity of t h e Everhart-Hoff depth-dose function, i.e. a N-0.41 R.
It should be emphasized t h a t L(z) determination requires preparation of high q u a l i t y Schottky contacts on bevels. Because bevelling may lead t o e l e c t r i c a l l y a c t i v e damaged l a y e r s (e.g. conversion of t h e conductivity type from p-t o n-conductivity beneath the bevel plane /17,20/) preparat i o n and checking t h e c~ntac'; .~u n l t t g must b ? carried out carefully. 
-PHASE-SKTEYP I WEASuREM@HTS USING A MODULATED BEAM
Measurements with a modulated beam i n geometry 1 and 2 (see Fig, 3 
) provide a d d i t i o n a l p o s s i b i l i t i e s t o characterize recombination properties. Due t o t h e modulation a phase s h i f t y occurs between Ib and ImI which increases with scan distance x /29/. A s t h e phase s h i f t depends on $he r a t i o of modul a t i o n period T = f'l t o l i f e t i m e
, measurements of v s x at approp r i a t e modulation frequencies f allow t o i n v e s t i g a t e recombination propert i e s . Thereby, it i s of advantage t h a t t h e g ( x ) p r o f i l e s a r e p r a c t i c a l l y not influenced by t h e value of t h e surface recombination v e l o c i t y /29,30/. I f L i s already k n o w n , q c a n be obtained from t h e experimental d a t a d?/dx using /29/:
.-with w = 2wf.
Such phase s h i f t measurements c a r r i e d out on a p-type s i l i c o n sample
(gel . 3 ohm :cm) a r e shown i n Fig. 13 .
Pig. I 3 -Lif e t ime det erninat ion by phase s h i f t measurements : experimental arrangement and r e s u l t s , see /31/.
Decay 'leasuronent of IEBIC(x) yielded L * 7 0~m s o . t h a t a l i f e t i m e ' t! = 4ps
was found from t h e nea ure hare nradient dV/ du . Ac ordingly an 3 e c t r o n
smaller than the norms.11~ reported d i f f u s i i t i e s f o r electrons a s majority c a r r i e r s . Although s i m i l a r r e s u l t s with D$:' < DmaJor can be found i n s e v e r a l papers /29, 32-34/, t h e r e i s not c8nvinci2g'explanation so f a r . krr'oher investigations a r e needed t o check t h i s question.
-TVIZASUREI~E~TTS IU THIM LAYERS
Thin semiconductor l a y e r s a r e increasingly used i n e l e c t r o n i c device production (e.g. CPIIOS, SOI). The characterization of recombination i n such l a y e r s with thicknesses d < L is problematic, because recombination a t t h e interfaces bounding t h e layer is o f t e n dominating and leads t o e f f e c t i v e DL values Leff c! d, see e.g. /I 3/. Determination of the r e a l bulk DL of t h e l a y e r i s posslble only when measures a r e taken t o avoid recombination of minority c a r r i e r s a t t h e interfaces. This can be r e a l i z e d by e l e c t r i c a l b a r r i e r s repulsing minority c a r r i e r s , e.g. by high-low junctions or IvlOS cap a c i t o r s biased i n t o accumulation. 
Substrate
Pig. 14 -Sample s t r u c t u r e f o r DL measurements i n t h i n l a y e r s / 3 5 / . Instead of the FIOS capacitor a l s o a high-low junction may be used t o real i z e a low surface recombination. Pig. 14 shows t h e geometry of a sample used f o r determination of t h e layer DL by t h e l a t e r a l decay method, This type of geometry has been proposed i n /35/ f o r IBIC measurements. The p-type e p i t a x i a l layer t o be characterized was about 1.5 p m t h i c k and was located on a p+ buried layer. The f r e e surface near the shallow p-n' diode used f o r charge c o l l e c t i o n had a shallow p4 implant t o avoid surface recombmation. The DL obtained from t h e decay of t h e I n lrnIC(x) 3 -VS-x curve a r e i n t h e range of 25 . . , 30 p m . However, t h e curve vras not l i n e a r a s would be expected f o r zero recombination velocity, thus i n d i c a t i n g t h a t t h e r e i s s t i l l some i n f uence of the i n t e r -; 5 faces: A q u i t e l i n e a r curve i s found i f I n x '51 2s plotted against x, yielding L 3 50 ,ium (Fig. 15) . Although the d a t a analysis was not based on t h e p r e t i c a l m o d e l s and t h e DL values s h a l l be considered a s rough estimates, only these r e s u l t s demonstrate without doubt t h a t the geometry shown i n Fig. 14 
-COTSNEICTIOBI OF DIFFUSIOB LENGTH 9ITH TITATERIAIS P:ECROSTRUCTUFS
I n t h i s chapter we discuss connections of DL with material s t r u c t u r e and i l l u s t r a t e by examples what kind of a d d i t i o n a l information can be deduc.ed from DL measurements. 
by forward biasing t h e A 1 Schottky diode used i n EBIC investigations) thus leading t o t h e appearance of t h e i n t e r s t i t i a l i r o n Pei with a l e v e l a t EV + 0.4 eV.
AS t h e PeiBs p a i r s do not +fluenee recombination while i n t e r s t i t i a l i r o n i s an e f f ~c l e n t recombinat lon centre DL measurements before and a f t e r FeiBs-pair destruction can be used t o estimate the i n t e r s t i t i a l i r o n concentration[Pei] under favourable conditions /37/. Namely, i f LU is t h e DL before p a i r destruction (& determined by recombinatLon v i a centres other than i r o n ) and Q is t h e DL a f t e r p a i r d e s t r u c t i o n (Ld ( with e n ( F e ) = 2x1 0-I 4cm2 /3S/. The obtained i n t e r s t i t i a l i r o n concentrat i o n s were found t o be i n good agreement with DLTS d a t a /37/.
[Pei]depth p r o f i l e s can a l s o be obtained i f the corresponding diffusionlength p r o f i l e s &(z) and h ( z ) a r e determined by t h e method given i n chapter 2.2 -see Fig. 16 .
Neasurements of t h e temperature dependence of l i f e t i m e or DL provide t h e p o s s i b i l i t y t o determine t h e energy position of centres responsible f o r recombinat ion. Such kind of investigations vere c a r r i e d out by method (4) on a polyc r y s t a l l i n e s o l a r c e l l with a shallow p-n junction. The temperature dependence of t h e DL, L(T) , was obtained from t h e temperature dependence of t h e c 1 e c t i o n e f f i c i e n c y , q (T) /39/. To get the l i f e t i m e T ( T ) D, oc T-8*$ was assumed f o r the e l e c t r o n d i f f u s i v i t y , givmng T(T)OCL ( T ) *TOe5.
The experimental d a t a shown i n Fig. 17 were measured i n a sample a r e a which seemed t o be defect-free a t T = 300 K, but had a high density of dark pointl i k e EBIC contrast a t low T /39/. The observed temperature dependence of ' V can be described by t h e Shockley-Read-Hall recombination theory, i f a l e v e l a t E~ = E + 0.07 eV o~ E =EC -0.07 eV i s assumed ( f u l l curve i n Fig. 17 ).
The resul! shows t h a t L(TT ~easuremen'is may be o f i n t e r e s t f o r the charact e r i z a t i o n of l o c a l e l e c t r i c a l properties. -Dependence of l i f e t i m e Z on temperature T i n a p a r t of a p o l y c r y s t a l l i n e s o l a r c e l l : e-xperirnental d a t a (*) and best f i t using SRH t h e o~y .
-CONTRIBUTIOI? OF DEITSELY I'TE1GHSOURF:D EBIC DEF~CT CO1;TTWiSTS TO THE
AVERAGE DL For i n t r i n s i c get t e r i n g and l i f e t i m e engineering knovdedge about t h e sources of volume recombination i s important because only with t h i s bowledge device properties can be controlled i n a d e f i n i t e manner (compare chapt e r 4). The bulk of i n t r i n s i c a l l y g e t t e r e d (IG) s i l i c o n is characterized by a high density of d e f e c t s which lead t o closely neighboured dark EBIC c o n t r a s t s , compare Pig. 12.
It is obvious t h a t such c r y s t a l defects showing dark ZBIC c o n t r a s t s reduce t h e average d i f f u s i o n length i n t h e material because dark c o n t r a s t s i n d i c a t e a d d i t i o n a l recombination. However, c r y s t a l defects having E B I C contrast a r e not the only causes of bulk recombination. Other c r y s t a l d e f e c t s not resolvable by I B I C due t o t h e i r low recombination a c t i v i t y and/or t h e i r high density and point defects may a l s o contribute t o bulk recombination (Fig. 18) . So, t o a f i r s t approximation t h e r e s u l t i n g average d i f f u s i o n length i n the b u l k of t h e sample, I$, i s given by:
with LE describing the contribution of t h e observed defects with contrasts and t h e contribution of the surrounding -mterial being due t o point d e f e c t s and c r y s t a l d e f e c t s without contrast (recombination background). and d i f f e r e n t diffusion lengths k.
b) Contrast c versus defect depth a, with defect s t r e n g t h r as parameter. i s t h e maximum )!"found i n the rmin the minimum s t i l l to produce v i s i b e contrast,
) rs an intermedia 3-e value which produces a contrast cmin a t a, and ax define t h e depth range where contrast may be observed.
fd is t h e c o r r e c t i o n f a c t o r with t h e e l e c t r o n probe above t h e d e f e c t and can be c a l c u l a t e d a f t e r /41/ ( s e e Pig. 19a).
It can be shotvn t h a t t h e c o n t r a s t c* of a d e f e c t surrounded by o t h e r d-ef e c t s i s n e a r l y equal t o t h e c o n t r a s t of an i s o l a t e d d e f e c t w i t h t h e same parameters, provided
is not t o o l a r g e and A > 21: holds f o r tlie d e f e c t d i s t a n c e . Thus, r e l a t l o n (14) can be used f o r densely d e f e c t a c c m u l a t i o n s , too. of a d e f e c t and, consequently, a l s o t h e d e f e c t c o n t~a s t a r e related. t o number and capture cross-section of recombination c e n t r e s l o c a t e d a t t h e defect. To e s t i m a t e LE a l l t h e s e d e f e c t recombination c e n t r e s were t r e a t e d a s being d i s t r i b u t e d homogeneously i n t h e depth i n t e r v o l Aa = aL -aU i n which c o n t r a s t s may be observed. Fig. 19b sketches t h e s i t u a t i o n . Only T e a m tures mith c > cmin a r e d e t e c t e d and can be taken i n t o account when calcul a t i n g LE. Assuming a homogeneous d i s t r i b u t i o n of up t o a c e r t a i n maximum s t r e n g t h ma and a homogeneous d e f e c t dep'ih-distribution, an expression of t h e Hollowing type is obtained /40/:
The f u n c t i o n I? is near 1 f o r 0.1 < cfin/cmax < 0.9. This means t h a t r e l ot i o n (13) can w e l l be used t o estima e LE under normal c o n t r a s t conditions. Fig. 20 shotvs LB -vs-A ctrcves c a l c u l a t e d from (1 2 ) and (1 3) and expe-iment a l d a t a measured (+) i n t h e bulk of i n t r i n s i c a l l y g e t t e r e d s i l i c o n samples of p-type conductivity. Lg mas measured u s i n g method (4) and a w a s d e t e rmined at Eo = 30 keV.
A d e t a i l e d a n a l y s i s f r o m t h e a v a i l a b l e d a t a was c a r r i e d out f o r 2 samples i n t h e lower and upper p a r t of t h e k -v s -A diagram (samples A and B) /40,42/. This a n a l y s i s l e a d s t o t h e conclusion, t h a t s t a c k i n g f a u l t s c o n t r o l p-type s i l i c o n .
Ig and r e p r e s e n t e s s e n t i a l sources of recombination i n i n t r i n s i c a l l y g e t t e r e Oxygen p r e c i p i t a t e s which codetermine t h e recombination background a r e , n o t dominant i n t h e samples i n v e s t i g a t e d , i n c o n t r a s t t o 1 4 3 1 .
-COIDECTION BET' TEZB DIPFUSIOW LENGTH AIW DEVICE P E~O~i i l~C E
The r o l e of recombination p r o p e r t i e s i n device operation ncs a l r e a d y emphasized i n t h e introduction. Now, junction lea!,:a,ge and latch-up xrnmu-nity w i l l be discussed b r i e f l y . The leakace c u r r e n t d e n s i t y jL of o junction c o n s i s t s of d i f f e r e n t components andhmay be v n i t t e n /44/ :
The f i r s t z e m d e s c r i b e s t h e generation component from t h e space charge l a y e r and t h e second terrn i s t h e diffusion-current d e n s i t y jd from t h e n e u t r a l semiconductor surrounding t h e juncJ~ion. Further terms a r e p o s s i b l e but a r e omitted here.
depends on t h e DL and i s o f t e n t h e dominating component i n t h e t o t a l j~e a l c a e e a t elevated operation +enperaiures, e.g. T 80 OC. Accordin~l.y, jL ??? holds then.
For m a t e r i a l w i t h DL p r o f i l e s l i k e a f t e z i a t r i n s i c get te-ciiig i s v a l i d /la/. That means t h a t jd-can be estimated from ?lie e f f e c t i v e DL a t t h e s u r f a c e h X (compare chapter 2.2), without need t o determine t h e whole L(z) p r o f i l e .
*
For low lealcage currenks jjL a t o p e r a t i n tempera-Lure I & valu.es a s h i & a s p o s s i b l e a r e required. Typically, is around. 1 0 / m f o r i n t r i n s i c a l l y g e t t e r e d s i l i c o n of p-type conductivity.
Pig. 21 -Schematic cross-section of a CXOS structure, w i t h t h e p a r a s i t i c l a t e r a l ( 2 ) and v e r t i c a l (3) b i p o l a r t r a n s i s t o r s and t h e p a r a s i t i c p-n-p-n s t r u c t u r e (1) indicated. j i j )~ and L;j a r e t h e d i f f u s i o n l e n g t h s i n t h e denuded zone and i n t h e bulk, and IJDZ i s t h e width of t h e denuded zone.
Also l a t c h -u~ behaviour of CZOS c i r c u i t s i s influenced by DL. Such c i r c u i t s c o n t a , w a s ' 1 t i c v e r t i c a l (3) and l a t e r a l (2) b i p o l a r t r a n s i s t o r s which f o m a v a r a s i t i c l a t e r a l P-n-p-n s t m c t u r e (1 ) -see Fia. 21. One way t o avoid regenerative switching -(latch-up) of t h i s p a r a s i t i c s t r u c t u r e 1s keeping t h e product of t h e c u r r e n t g a i n s of t h e p a r a s i t i c t r a n s i s t o r s l e s s t h a n 1. It s e e m t h a t e s p e c i a l l y t h e c u r r e n t g a i n of t h e l a t e r a l t~a n s i s t o r can be a f f e c t e d i n t h e d e s i r e d d i r e c t i o n by producing a p p r o p r i a t e DL p r o f i l e s because t h e current g a i n depends on t h e e f f e c t i v e DL i n t h e t r a n s i s t o r base. So, a lower c u r r e n t g a i n and a higher latch-up imqunity can be r e a l i z e d by s t r o n g e r volume recombination (smaller &) and narrower denuded zones (smaller wDz) /45/. This i s , however, i n c o n t r a d i c t i o n t o the cond i t i o n s required f o r r e a l i z i n g lo17 junction leakage.
The discussed examples i l l u s t r a t e t h a t t h e r e is, g e n e r a l l y , a need of optimizing teclmological processes and r e s u l t i n g recombination p r o p e r t i e s i n o r d e r t o a f f e c t device p r o p e r t i e s Pavourablg. Thereby, i t is e s s e n t i a l t o u t i l i z e t h e acquired knowledge about t h e main recombination sources i n h e a t -t r e a t e d s i l i c o n . EBIC i s a polverful technique f o r t h i s purpose.
